Bothrops fonsecai (B. fonsecai), a pitviper endemic to southeastern Brazil, has a venom mainly composed by snake venom phospholipases (PLA 2 ) and metalloproteases, compounds that could interfere with neuromuscular junction in vitro. In this work, we investigated the role of PLA 2 in the myotoxicity and neuromuscular blockade caused by B. fonsecai venom using different procedures frequently associated with PLA 2 activity inhibition: 24 C bath temperature, Ca 2þ -Sr 2þ replacement and chemical modification with p-bromophenacyl bromide (p-BPB). Mice extensor digitorum longus preparations (EDL) were incubated with usual or modified Tyrode solution (prepared with Ca 2þ or Sr 2þ respectively) at 24 C or 37 C (as controls) and in addition of B. fonsecai venom (100 mg/mL) alone or after its incubation with buffer (24 h, 23 C) on the absence (alkylation control) and presence of p-BPB; all muscle were processed for histological analysis. The PLA 2 , proteolytic and amidolytic activities under the same conditions (24 C or 37 C, Ca 2þ -Sr 2þ replacement, absence or presence p-BPB) were also assessed. The B. fonsecai venom caused total neuromuscular blockade after 100 min of incubation, in Ca 2þ Tyrode solution at 37 C (usual conditions); on Sr 2þ Tyrode solution (37 C) the twitch height were 31.7 ± 7.4% of basal, and at 24 C (Ca 2þ Tyrode solution) were 53.6 ± 7.0% of basal. The alkylation of PLA 2 with p-BPB promoted a great blockade decrease at 100 min of incubation (88.7 ± 5.7% of basal), but it was also observed on alkylation control preparations (66.2 ± 6.6%). The venom produced 50% of blockade at 40.5 ± 5.9 min, in Ca 2þ
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Tyrode solution at 37 C. The protocols delayed the time for 50% blockade: 105.7 ± 7.1 min (at 24 C, in Ca 2þ Tyrode solution) and 71.1 ± 9.0 min (at 37 C, in Sr 2þ Tyrode solution). Regarding p-BPB incubation and alkylation control preparations, 50% of blockade was not reached during the 120 min of venom incubation. Regarding to enzymatic activities, the 24 C protocol reduced not only PLA 2 (to 62.3%) but also proteolytic (52.3%) and amidolytic (73.4%) activities, as well as observed on p-BPB alkylation protocol which markedly inhibited all enzymes (<10%). The alkylation control promoted the same proteolytic and amidolytic inhibition but no reduction of PLA 2 activity; Ca 2þ -Sr 2þ replacement reduced only the PLA 2
Introduction
Lanceheads (Bothrops spp.) are responsible for most snakebites in Brazil and the most envenomation are associated to Bothrops alternatus, B. jararaca, B. jararacussu, B. moojeni and B. neuwiedi (França and M alaque, 2009 ). The alternatus group, composed by B. alternatus B. itapetiningae, B. cotiara and B. fonsecai, has high phylogenetic proximity and is characterized by predilection for mammalian preys, large size, 9 to 14 intersupraocular scales, dark dorsal color (brown to black), dorsal sword-shaped marks, abdomen predominantly black and a postorbital mark (Gomes, 1913; Hoge and Belluomini, 1959; Sazima and Manzani, 1998; Campbell and Lamar, 2004; Fenwich et al., 2009) . Bothrops fonsecai (B. fonsecai, Fig. 1 ) is a terrestrial lancehead snake found only in Araucaria augustifolia pine forests in southeastern Brazil (São Paulo, Rio de Janeiro and Minas Gerais Brazilian states). The progressive habitat destruction and limited geographic distribution mean that B. fonsecai is highly endangered at risk of extinction. Its limited distribution on inhabited regions and its morphological similarity with other members of alternatus group may explain the fact that the incidence of human envenoming by this species is largely unknown (Gomes, 1913; Hoge and Belluomini, 1959; Sazima et al., 1992; Sazima and Manzani, 1998; Campbell and Lamar, 2004; Tashima et al., 2008 Tashima et al., , 2012 Fenwich et al., 2009) .
Proteomic analysis has shown that B. fonsecai venom is mostly composed by snake venom metalloproteinases (SVMP, 42.5% of the venom, primarily P-I and P-III classes) and phospholipases A 2 (PLA 2 , 30.1% of the venom) (Tashima et al., 2008) . These two compounds are generally related to muscle damage: the SVMPs cause hemorrhage with consequent ischemia and PLA 2 are responsible for most of the myotoxic activity (Guti errez and Cerdas, 1984; Harris and Cullen, 1990; Mebs and Ownby, 1990; Ownby, 1990; Guti errez et al., 1995) .
The PLA 2 from Viperid venom are divided into two groups, according to their structure, more specifically the amino acid residue at position 49: Asp 49 and Lys49, both provided with myotoxic activity, but by different mechanisms. Asp49 PLA 2 can bind to Ca 2þ ion, thus are provided of catalytic activity, promoting membrane disruption. On the other hand, Lys49 lacks enzymatic activity once it can not bind to Ca 2þ , promoting myotoxicity by mechanical membrane perturbation (Damico et al., 2005; Doley and Kini, 2009) .
The in vitro neuromuscular effects of various myotoxic PLA 2 has been previously evaluated, i.e.: Lys49 PLA 2 bothropstoxin-I of B. jararacussu venom (Heluany et al., 1992) , piratoxin-I of B. pirajai venom (Soares et al., 2001) , Bp-12 of B. pauloensis venom (Randazzo-Moura et al., 2008) ; and Asp 49 PLA 2 piratoxin-III of B. pirajai venom (Soares et al., 2001) , BinTX-I of B. insularis venom (Cogo et al., 2006) , and BnpTX-I and II of B. newuiedi venom . In in vitro mice and chick neuromuscular preparations, both Lys49 and Asp49 myotoxic PLA 2 produce rhabdomyolysis followed by blockade of both direct and indirect evoked contractions. The neuromuscular blockade observed in vitro has been frequently associated with loss of functional muscle fibers, destabilization of biological membranes and, sometimes, certain degree of neurotoxicity (Gallacci and Cavalcante, 2010) .
B. fonsecai venom induced an in vitro neuromuscular blockade in directly and indirectly stimulated preparations with concomitant decrease in the responses to exogenous acetylcholine and KCl, a time-dependent venom-induced increase in creatine kinase (CK) release and a widespread cellular damage (Fernandes et al., 2014; Collaço et al., 2017) . Together, those results leaded to the conclusion that the neuromuscular blockade is related with myotoxicity. However, studies reported that: i) the pre-incubation of B. fonsecai venom with commercial bothropic antivenom completely abolished the neuromuscular blockade in chick biventer cervicis preparation (Fernandes et al., 2014) but only partially neutralized this activity in mice extensor digitorum longus preparation (Collaço et al., 2017) ; ii) the enzymatic activity of PLA 2 was poorly or not neutralized by the commercial antivenom (Queiroz et al., 2008; Collaço et al., 2017) ; and iii) the myotoxicity had high level of neutralization by the commercial antivenom (Queiroz et al., 2008; Collaço et al., 2017) . Such results suggest the involvement of other components than PLA 2 in the neuromuscular blockade and myotoxicity produced by the venom (Collaço et al., 2017) .
Considering that PLA 2 is indicated as the major responsible for the myotoxicity of snake venoms and this activity can interfere with the neuromuscular junction, in this work we examined the relationship between PLA 2 activity, neuromuscular blockade and myotoxicity. We also investigated different approaches commonly used to inhibit the PLA 2 activity.
Material and methods

Reagents and venom
All chemicals and reagents for the physiological solutions were of analytical grade and were obtained from J.T. Baker, Mallinckrodt, Merck, Sigma or local suppliers.
The Bothrops fonsecai lyophilized venom, obtained from adult specimens captured in the Serra da Mantiqueira (São Paulo state) and kept in the serpentarium of the Centro de Estudos da Natureza (Environmental license SMA 15.380/2012) at the Universidade do Vale do Paraíba (UNIVAP, São Jos e dos Campos, SP, Brazil), was stored at À20 C prior to use.
Animals
Male Swiss mice (25e30 g) supplied by Multidisciplinary Center for Biological Investigation (CEMIB, the central animal house at UNICAMP) were housed (10 animals per cage) at 23 ± 3 C on a 12 h light/dark cycle. The mice had free access to food and water. This study was approved by the Institutional Committee for Ethics in Animal Use (CEUA/UNICAMP, protocol no. 3311-1) and were done according to the general ethical guidelines of the Brazilian Society Fig. 1 . B. fonsecai. Note the dorsal sword-shaped marks, abdomen predominantly black and a postorbital mark, which can be used to identify the specie and differentiate it of other alternatus group snakes (Sazima and Manzani, 1998) .
for Laboratory Animal Science (SBCAL).
Chemical modification
The PLA 2 residue His48 from B. fonsecai venom was chemically modified by alkylation with bromophenacyl bromide (p-BPB) (Andrião-Escarso et al., 2000; Soares et al., 2004) . The B. fonsecai venom (3 mg) was dissolved in 1 mL of ammonium bicarbonate and EDTA buffer (100 mM and 0.7 mM respectively, pH 7.8) and incubated with 500 ml of p-BPB (1.5 mg/mL ethanol) or 500 mL of ethanol (control) for 24 h at 25 C. The excess of p-BPB was removed by ultrafiltration (Amicon YM3000 membrane) and the protein content was quantified as described by Lowry et al. (1951) .
Phospholipase activity
PLA 2 activity was assessed using a colorimetric assay based on phosphatidylcholine degradation (Price, 2007) and modified as follow. Samples [HCl curve (0e2.5 mM); 10 mg of B. fonsecai venom] were added to a buffer solution containing HEPES (4 mM, pH 8), Triton X-100 (5 mM), CaCl 2 (10 mM), bromothymol blue (0.124%) and phosphatidylcholine (5 mM dissolved in methanol at 5% in the final assay). The change in absorbance at 620 nm was monitored using a SpectraMax 340 plate reader at 37 C (Molecular Devices, Sunnyvale, CA 94089, USA). The results were expressed in nMoles of HCl. The assay was also performed under PLA 2 inhibition conditions: by reducing the incubation temperature to 24 C, substituting CaCl 2 (10 mM) by SrCl 2 (22.22 mM) or chemical modification of PLA 2 by p-BPB.
Proteolytic activity
Proteolytic activity was measured colorimetrically using azocasein as a substrate (Wang and Huang, 2002) and modified as follow. Samples of B. fonsecai venom (10 mg) were incubated with 90 mL of azocasein (5 mg/mL) in reaction buffer (Tris-HCl 0.05 M, pH 8.0, CaCl 2 1 mM) at 37 C, over 90 min. The reaction was quenched by addition of 5% trichloroacetic acid (200 mL) at room temperature for 5 min. After centrifugation (8000Âg for 5 min), 150 mL of the supernatant was mixed with the equal volume of NaOH (0.5 M) and absorbance was measured at 440 nm using a SpectraMax 190 multiwell plate reader (Molecular Devices, Sunnyvale, CA). One protease unit was defined as the amount of enzyme which hydrolyzed 1 mg of azocasein per 1 min of reaction (37 C, pH 8.0) (Chowdhury et al., 1990) . The assay was also performed under PLA 2 inhibition conditions: by reducing the incubation temperature to 24 C, substituting CaCl 2 (10 mM) by SrCl 2 (22.22 mM) or chemical modification of PLA 2 by p-BPB.
Amidolytic activity
Amidolytic activity was measured using the synthetic N-benzoyl-Larginine r-nitroanilide (BArNA) as substrate. The standard assay mixture, modified to a 96-well plate assay, in a final volume of 270 mL, was composed by 50 mL of buffer [Tris-HCl (10 mM), CaCl 2 (10 mM) and NaCl (100 mM), pH 8.00], 200 mL of substrate solution (1 mM), 15 mL of water and 5 mL of B. fonsecai venom (10 mg). The reaction was carried out in a SpectraMAX microplate reader (Molecular Devices Corporation, Sunnyvale, CA, USA) for 30 min at 37 C and the absorbance read at 410 nm. The results were expressed as the initial velocity of the reaction calculated based on the amount of pnitroaniline (Erlanger et al., 1961) . The assay was also performed under PLA 2 inhibition conditions: by reducing the incubation temperature to 24 C, substituting CaCl 2 (10 mM) by SrCl 2 (22.22 mM) or chemical modification of PLA 2 by p-BPB.
Extensor digitorum longus of mice (EDL) preparations
Mice were killed with isoflurane (via inhalation) and posterior exsanguination and the extensor digitorum longus were dissected. The EDL preparations were mounted under a resting tension of 1 g in a 5 mL organ bath containing Tyrode solution (composition in buffers at 24 C; iii) replacement of CaCl 2 by SrCl 2 (Sr 2þ ); and iv) alkylation of PLA 2 by p-BPB (pBPB) or after same incubation procedure but without addition of p-BPB (alkylation control). The columns represent the mean ± SEM (n ¼ 3) (*p < 0.05 compared to positive control).
mM: NaCl 137, KCl 2.7, CaCl 2 1.8, MgCl 2 0.49, NaH 2 PO 4 0.42, NaHCO 3 11.9 and glucose 11.1, at 37 C) constantly aerated with carbogen (95% O 2 and 5% CO 2 ). A bipolar platinum ring electrode was placed around the muscle for field stimulation (0.1 Hz, 0.2 ms, supramaximal voltage) delivered with a Grass S88 stimulator (Grass Instrument Co., Quincy, MA, USA). Previous experiments with field stimulation (Tyrode control) showed that the addition of d-tubocurarine (11.7 mM) reduced the twitch height to less than 10%. This way, the main component observed with field stimulation is the nerve stimulation (indirect stimulation) and any difference lower than 10% in the twitches can be related with direct muscle stimulation of EDL. Isometric muscle tension was recorded with a Load Cell BG-25 g force displacement transducer coupled to a Gould RS 3400 physiograph (both from Gould Inc., Cleveland, OH, USA). After the tissue stabilization (20 min), the venom (100 mg/mL) was added to the preparations for 120 min or until complete neuromuscular blockade. The assay was also performed under PLA 2 inhibition conditions: reducing the incubation temperature to 24 C, substituting CaCl 2 (1.8 mM) by SrCl 2 (4 mM) or chemical modification of PLA 2 by p-BPB. The changes in twitch-tension responses of were expressed as the percentage relative to the response before venom addition (0 min).
Morphological analysis
After the incubation with venom, the EDL muscles were fixed in 10% formaldehyde (overnight) and stored in 70% ethanol. The samples were dehydrated in an increasing ethanol series (80%, 95% and 100%), clarified by xylol (1:1 ethanol:xylol and 100% xylol), embedded (1:1 xylol:paraffin and 100% paraffin) and included in paraffin. Three 3 sections per group (5 mm thick), separated by 100 mm from each other, were obtained. The slides were stained with hematoxylineeosin (HE) and examined by light microscope (Leica DM 5000 B, Leica, Germany). All images were captured and analyzed by Image Leica QWin Plus V3 software (Leica, Germany).
Statistical analysis
The results were expressed as the mean ± SEM (twitch tensions and histological analysis) or mean ± SD (biochemical assays). Statistical comparisons were done using Student's t-test or two-way analysis of variance (ANOVA) followed by the Tukey-Kramer test, with p < 0.05 indicating significance. All data analyses were done using Microcal Origin software (Microcal Software Inc., Northampton, MA, USA).
Results
Enzymatic activities
The assays to determinate the PLA 2 , proteolytic and amidolytic activities of B. fonsecai venom (10 mg) were conducted under conventional experimental conditions as a positive control (solutions prepared with CaCl 2 , at 37 C, as already described) or after PLA 2 inhibition by reducing the bath temperature to 24 C, modifying the solutions (CaCl 2 replaced by SrCl 2 ) or after chemical modification of PLA 2 by p-BPB (Fig. 2) . Under usual conditions, venom had PLA 2 , (8.5 ± 0.5 nmol HCl), proteolytic (109.7 ± 5.9 UP/mg) and amidolytic activities (4238 ± 137.5 nmol/min). These activities were significantly inhibited by reducing the temperature: the PLA 2 activity was 37.6% inhibited (5.3 ± 0,1 nmol HCl), the proteolytic was 47.7% (46.7 ± 1.5 UP/mg) and the amidolytic 26.6% (3112.3 ± 31.0 nmol/min).
The replacement of CaCl 2 by SrCl 2 promoted 84.7% inhibition of PLA 2 activity (1.3 ± 0.4 nmol HCl) but there was no significant reduction of proteolytic (214.6 ± 1.5 UP/mg, 195.6% of positive control) and amidolytic (3927.7 ± 31.0 nmol/min, 92.7% of positive control) activities.
After the chemical modification procedure using p-BPB (alkylation of PLA 2 histidine residues), the PLA 2 (totally inhibited), proteolytic (6.9 ± 7.0 UP/mg, 93.7% of inhibition) and amiodolytic (381.3 ± 49.8 nmol/min, 91.0% of inhibition) activities were potently inhibited. Additional experiments were performed as alkylation control. The 24 h incubation of venom with assay buffer at room temperature, even in the absence of p-BPB, reduced 97.8% of proteolytic (2.4 ± 2.8 UP/mg) and 93.4% of amidolytic (281.6 ± 5.1 nmol/min) activities but the PLA 2 activity (8.3 ± 0.4 nmol HCl) remains comparable to the positive control (97.6%) (Fig. 2) .
Extensor digitorum longus of mice (EDL) preparations
B. fonsecai venom (100 mg/mL) caused complete timedependent neuromuscular blockade in EDL muscle preparations in vitro within 100 min of incubation. After lowering the temperature to 24 C, the twitch height were 53.6 ± 7.0% of control at 100 min of incubation (Fig. 3) . The replacement of CaCl 2 by SrCl 2 on Tyrode solution also prevented the total blockade at 100 min of incubation, reducing the twitch height to 31.7 ± 7.4% of control (Fig. 4) .
The PLA 2 alkylation by p-BPB promoted a great reduction on the venom-induced neuromuscular blockade (twitch height of 88.7 ± 5.7% of control at 100 min of venom incubation). However, a decrease in this activity was also observed on alkylation control protocol (venom incubated with assay buffer with no p-BPB, for 24 h at room temperature) resulting in 66.2 ± 6.6% of control after 100 of incubation (Fig. 5) .
The myographic records show that B. fonsecai venom causes muscle contracture. Contractures were observed in the replacement of CaCl 2 by SrCl 2 and alkylation control protocols, but it was lighter than in the positive control. It was absent in lowtemperature and p-BPB-incubated protocols (Fig. 6) . There was no blockade or contracture with Tyrode controls (at 37 C, 24 C and after replacing CaCl 2 by SrCl 2 ).
Morphological analyses
Histological analysis of EDL muscle at the end of 120 min incubation revealed that B. fonsecai venom (100 mg/mL) caused 24.5 ± 1.7% muscle damage with presence of edematous cells, delta lesions, vacuolated fibers and myonecrosis ( Fig. 7 ; Table 1 ). The myotoxicity was not significantly inhibited on low temperature or alkylation control experiments (20.6 ± 1.6 and 19.68 ± 1.61% of cell damage respectively). On the other hand, the CaCl 2 -SrCl 2 replacement and p-BPB alkylation protocols decreased the venom-induced myotoxicity to 9.9 ± 0.8 and 3.7 ± 0.5%, respectively. The Tyrode control muscles (37 C, 24 C and CaCl 2 -SrCl 2 replacement) revealed the normal arrangement for EDL muscle and minimum cell damage.
Discussion
Although neuromuscular manifestations are not clinically observed in bothropic envenomation, several studies have shown neuromuscular activity of Bothrops sp. snake venoms in vertebrate isolated neuromuscular preparations Gallacci and Cavalcante, 2010; Moraes et al., 2012; Floriano et al., 2015) , including B. fonsecai (Fernandes et al., 2014; Collaço et al., 2017) . Previous works evaluated the neuromuscular activity of Bothrops fonsecai venom on different in vitro preparations -chick biventer cervicis, mice phrenic nerve-diaphragm and mice extensor digitorum longus (EDL) e showing that EDL was more sensitive to blockade than other preparations (Fernandes et al., 2014; Collaço et al., 2017) , justifying this preparation being chosen to this work. These variations in sensitivity of different nerve-muscle preparations have been reported (Cavalcante et al., 2011; RodriguesSimioni et al., 2011; Hart et al., 2013; Carbajal-Saudeco et al., 2014) and are frequently associated with different factors, such as specificity of toxins for particular species (Wickramaratna and Hodgson, 2001; Young et al., 2007) , anatomic variance between the preparations (Toutant et al., 1981) , nicotinic receptor distribution (Chang et al., 1977; Hodgson and Wickramaratna, 2002) and expression of receptor subunits (Teichert et al., 2008) . Bar ¼ 50 mm.
EDL is a white, fast muscle composed predominantly by glycolytic fibers, single innervated by peroneal nerve, en plaque endings. Previous works showed that some snake venoms and toxins produce higher levels of myotoxicity in fast fibers muscle than in slow fibers muscle (Melo and Ownby, 1996) . The fact that EDL is mainly composed by fast motor units results in high expression of Na þ channels in cell surface (Close, 1967; Ruff, 1992; Milton and Behforouz, 1995) . The faster mobilization of Na þ into intracellular medium lead to interruption of the exchange between extracellular Na þ and intracellular Ca 2þ , resulting in higher levels of intracellular Ca 2þ . This way, EDL should be more susceptible to muscle damage by B. fonsecai venom, once activation of intracellular protease by Ca 2þ are easier than in slow fibers muscle (McArdle et al., 1992; McArdle and Jackson, 1994; Melo and Ownby, 1996) . The neuromuscular activity of Bothrops sp. venom is constantly associated to pre-and post-synaptic effects (Cogo et al., 1993; Oshima-Franco et al., 2004; Rodrigues-Simioni et al., 2004 Borja-Oliveira et al., 2007; Cavalcante et al., 2011; Floriano et al., 2013 Floriano et al., , 2015 . Fernandes et al. (2014) proposed that the neuromuscular blockade by B. fonsecai venom is probably due its myotoxic activity. The myotoxicity of Bothrops venoms is commonly attributed to PLA 2 and SVMP (Guti errez and Cerdas, 1984; Harris and Cullen, 1990; Mebs and Ownby, 1990; Ownby, 1990; Guti errez et al., 1995; Kini, 1997; Villalobos et al., 2007) , and once SVMP causes myonecrosis probably related to muscle ischemia, which is prevented on the constantly-aerated in vitro preparations (Guti errez and Cerdas, 1984; Harris and Cullen, 1990; Mebs and Ownby, 1990; Ownby, 1990; Guti errez et al., 1995) , the observed in vitro myotoxicity could be primarily related to PLA 2 . On the other hand, the commercial bothropic antivenom promoted a high level of neutralization of the myotoxicity but not of the PLA 2 activity and neuromuscular blockade (Queiroz et al., 2008; Collaço et al., 2017) , suggesting that the blockade could be caused by other venom compounds than Asp49 PLA 2 or by mechanisms independent of myotoxicity. Here, we investigated the relation between PLA 2 activity, neuromuscular blockade and myotoxicity.
We investigated three different protocols used to PLA 2 activity inhibition. After reducing the bath temperature from 37 C to 24 C, the Asp49 PLA 2 enzymatic activity and the membrane fluidity are affected, what decreases PLA 2 activity (Díaz et al., 1991; Rufini et al., 1992; Fathi et al., 2013) . The replacement of CaCl 2 by SrCl 2 in the solutions did not affects the nerve or muscles physiological function but induces enzymatic inhibition once Asp49 PLA 2 reacts to Ca 2þ but not Sr 2þ (Miledi, 1966; Meiri and Rahamimoff, 1971; Rasgado-Flores and Blaustein, 1987; Ghassemi et al., 1988; Rowan et al., 1990 (Chang and Su, 1982) . On experiments carried out at low-temperatures, the PLA 2 , proteolytic and amidolytic activities were decreased, probably because 24 C is lower temperature than the optima to PLA 2 , SVMP and serine proteinases enzyme activities: its catalytic mechanism is slowed down but not totally abolished Bortoleto et al., 2002; Silva-Junior et al., 2007; Fathi et al., 2013; Heleno et al., 2013; Lee et al., 2014) , promoting the decrease on neuromuscular blockade caused by the venom. On the other hand, the myotoxicity was not significantly inhibited, probably due to a residual enzyme activity or a non-enzymatic effect damaging the skeletal muscle.
Contrasting to temperature protocol, the replacement of calcium by strontium did not affect all enzyme activities tested but only PLA 2 . Our results show that the PLA 2 and myotoxic activities were hardly abolished while the neuromuscular blockade had a slight decrease. Our findings suggest that Asp49 PLA 2 could be related to myotoxicity of B. fonsecai venom but is not the major responsible for neuromuscular activity; the blockade is likely to be mediated by a calcium-independent mechanism, as Lys49 PLA 2 (Damico et al., 2005; Randazzo-Moura et al., 2008; Doley and Kini, 2009) . Curiously, the proteolytic activity of the venom was almost doubled with replacement of calcium by strontium. The influence of different ions on the proteolytic activity of snake venoms and toxins have been seem before, specifically higher concentrations of calcium are frequently associated with an increase in enzymatic activity of SVMP (Sun et al., 2006; Vaiyapuri et al., 2010) . This effect could explain our results, once 10 mM CaCl 2 is replaced by a higher concentration (22.22 mM) of SrCl 2 . Indeed, in recent work, we observed~50% increase of B. fonsecai venom hemorrhagic activity when calcium is replaced by strontium (unpublished data), indicating higher activity of SVMP.
With regard to chemical modification protocols, the incubation of B. fonsecai venom with buffer on absence (alkylation control) or presence of p-BPB markedly decreased the proteolytic and amidolytic activities, but the PLA 2 activity was reduced only with p-BPB incubation. The proteolytic and amidolytic activities could be affected by the technical procedure and by venom proteases activation; PLA 2 are more resistant due to its seven disulfide bridges (common to Viperid venoms) (Kini, 1997; Six and Dennis, 2000) and could still active even after 24 h-incubation at room temperature, being inhibited only by p-BPB alkylation.
Both protocols (alkylation control and p-BPB incubation) reduced the neuromuscular blockade caused by venom, however the p-BPB neutralized the blockade only~25% more than the alkylation control. The myotoxicity was completely inhibited by p-BPB incubation differently than its control, which showed the same muscle damage than the venom. These results support the finding of Ca 2þ -Sr 2þ replacement protocol: the Asp49 PLA 2 seems to be responsible by the tissue damage but not major responsible for neuromuscular blockade caused by B. fonsecai venom. Although pre-synaptic effects of PLA 2 being a trademark of elapidic venoms (Montecucco et al., 2008) , several bothropic PLA 2 (mainly Asp49) were previously associated with neuromuscular 1.3 ± 0.4 214.6 ± 1.5 3927.7 ± 31.0 31.7 ± 7.4 71.1 ± 9.0 No 9.9 ± 0.8 p-BPB 0 ± 0 6.9 ± 7.0 381.3 ± 49.8 88.7 ± 5.7 >120 Yes 3.7 ± 0.5 Alkylation control 8.3 ± 0.4 2.4 ± 2.8 281.6 ± 5.1 66.2 ± 6.6 >120 Yes 19.7 ± 1.6
blockade via pre-synaptic mechanisms (Cogo et al., 1998; OshimaFranco et al., 2004; Borja-Oliveira et al., 2007; Floriano et al., 2013) . Besides it was not deeply investigated in this work, it is possible B. fonsecai venom to have nerve-terminal activity, once the myotoxicity and neuromuscular blockade seems not to be strictly related. However, neither the venom (data not shown) of an isolated PLA 2 (unpublished results) at low concentrations produced neuromuscular facilitation followed by blockade, common evidence of pre-synaptic activity (Montecucco et al., 2008; Floriano et al., 2013) . Despite the myotoxicity of SVMP being commonly related as secondary to ischemia (Guti errez and Rucavado, 2000) , TorresBonilla et al. (2016) attributed the in vitro myotoxicity produced by Leptodeira annulata venom with the disruption of the sarcolemma and degradation of extracellular matrix components by SVMP. As Collaço et al. (2017) suggested, SVMP could also be related with the neuromuscular blockade produced by B. fonsecai venom.
In conclusion, our results suggest that the most of neuromuscular blockade induced by B. fonsecai venom is not due Asp49 PLA 2 but induced by non-enzymatic PLA 2 or other venom proteins as snake venom SVMP and serine proteases. However, the catalytic PLA 2 seems to be the major responsible for venom-induced myotoxicity. This work showed that the neuromuscular blockade and the muscle damage are not always closely related. Although it is still needed further investigations to confirm the main responsible for the myotoxicity and neuromuscular blockade of B. fonsecai venom, such as dose-response curves in the different conditions evaluated in this work and involving isolated PLA 2 .
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